We present a quasiparticle interference study of clean and Mn surface-doped TaAs, a prototypical Weyl semimetal, to test the screening properties as well as the stability of Fermi arcs against Coulomb and magnetic scattering. Contrary to topological insulators, the impurities are effectively screened in Weyl semimetals. The adatoms significantly enhance the strength of the signal such that theoretical predictions on the potential impact of Fermi arcs can be unambiguously scrutinized.
The recent discovery of materials hosting topologically protected electronic states opened a new era in condensed matter research 1,2 and drove the search for exotic fermionic quasiparticles which emerge as low-energy excitations in crystalline solids. Within this framework, theoretical predictions that semimetals with broken inversion symmetry can host so-called
Weyl fermions at points where single-degenerate bulk valence and conduction bands touch 3, 4 were soon verified experimentally. [5] [6] [7] [8] [9] Weyl fermions were originally proposed by Hermann
Weyl in 1929 10 as chiral massless particles and have long been considered a purely abstract concept. Weyl fermions in condensed matter materials always appear in pairs. In reciprocal space, they can be seen as magnetic monopoles which act as sources or sinks of Berry curvature. At surfaces this results in the emergence of a new class of topologically protected electronic states that form Fermi arcs, which correspond to unclosed contours connecting
Weyl points of opposite chirality. In contrast to topological insulators which require protection by time-reversal symmetry, Weyl semimetals do not depend on specific symmetries and are thus considered to be robust against any translationally invariant perturbations.
The interest in Weyl semimetals goes well beyond their topological aspects, since the lack of inversion symmetry combined with strong spin-orbit coupling gives rise to multiband bulk spin-split states giving rise to unconventional transport phenomena, such as the chiral anomaly 11 (m) QPI map and its Fourier-transformed obtained on the Mn-doped surface (E −E F = +50 meV).
The central region within the dashed box will be analyzed in detail in Fig. 2. lated scattering patterns. The excellent agreement between theory and experiments allows for a one-to-one identification of a plethora of scattering transitions within the multi-band structure of Weyl semimetals. In particular, the improved signal-to-noise ratio reveals the existence of short scattering vectors q, which escaped experimental detection so far.
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This allows for a detailed verification of existing theoretical proposals dealing with intraand inter-arc scattering events, [21] [22] [23] indicating that both phenomena are strongly suppressed.
Our results show that Fermi arcs are not susceptible to localization and explain why their signature can be detected in transport measurements. Fig. 1(a) shows a photography of our bulk TaAs single crystals. 24 The semi-metal TaAs crystallizes in a body-centered tetragonal structure. As illustrated in Fig. 1(b) , it consists of interpenetrating Ta and As sublattices which are stacked on top of each other with no inversion symmetry. The easy cleavage plane is perpendicular to the (001) direction, which breaks the bonds in between two Ta and As planes. Theoretical calculations 3, 4 and photoemission data 5, 7 showed that TaAs hosts 24 Weyl points within the first surface Brillouin zone (SBZ).
At the surface, Weyl points of opposite chirality form pairs, thereby giving rise to Fermi arcs as schematically sketched in Fig Similar to previous studies on TIs 29, 30 , additional surface defects were deliberately introduced to investigate the response of TaAs. This approach has a dual advantage: (i) the increased number of scattering centers significantly improves the signal-to-noise ratio of FT-QPI maps and (ii) it allows to test the response of Weyl materials to well-defined external perturbations. In our study we focused on Mn atoms which, because of their high spin state, allow to simultaneously introduce both Coulomb as well as magnetic scattering. In order to investigate the electronic structure of this material in more detail and to understand how electronic states are influenced by the presence of perturbations, we analyzed the standing wave pattern generated by coherent scattering at defects. The resulting LDOS modulations can be visualized by energy-resolved dI/dU maps. Fig. 1(g) reports a dI/dU map measured at E − E F = eU = +50 meV at exactly the same location as the topographic image displayed in Fig. 1(d) . These QPI maps show highly anisotropic standing wave patterns which are translated into reciprocal space by Fourier transformation (FT), thereby providing direct insight into the scattering mechanisms. FT-QPI maps visualize scattering vectors q that connect initial k i and final k f state wave vectors on an iso-energy contour,
As shown in the inset, the Bragg points of the square As(001) surface lattice can clearly be recognized (highlighted by four circles). as Fig. 1(g) . Obviously, the additional scattering centers strongly enhances the intensity of the standing wave pattern as compared to the pristine case. As we will discuss in detail below, the strongly improved signal-to-noise ratio facilitates the detection of previously unresolvable scattering channels. Because of their implications for transport and, more generally, quantum coherence phenomena, it is of paramount importance to identify the states which, upon scattering, give rise to the observed QPI pattern. −200 meV ≤ E − E F ≤ +200 meV, we can show that this feature-which is the only one visible in the pristine case-exhibits essentially no dispersion. 27 This evidences that this feature is not representative of any scattering process but related to a set-point effect and, therefore, will not be discussed further.
Focusing at long scattering vectors, four main contributions can be identified in the experimental data of Fig. 2(c) , represented by color-coded arrows labelled q 1 -q 4 . As schematically illustrated in Fig. 2(a) , q 1 corresponds to scattering vectors that connect the inner with outer surface contours centered at X. Our analysis revealed that in this case intra-band backscattering is forbidden because of the opposite spin polarization of initial and final states. The same holds for q 2 , which involves scattering within energy contours centered at Y . On the other hand, as observed previously, 18-20 q 3 and q 4 are examples for inter-pocket scattering in between two contours centered around X and Y , respectively.
Interestingly, additional features which up to now have escaped experimental detection clearly emerge from the background close to the center of Fig. 2(c) . Experimentally scrutinizing this small momentum region is of fundamental importance for a detailed evaluation of existing theoretical proposals that suggest the emergence of interference phenomena orig- inating from Fermi arcs [21] [22] [23] . In order to illuminate whether the experimentally detected data contain contributions from Fermi arc, Fig. 3 reports (a) the constant-energy contour and (b) the QPI pattern that is theoretically expected as we restrict analysis to contributions in between surface Fermi arcs. It closely resembles earlier results. 23 The most intensive contributions, q , q , and q , arise from inter-arc scattering between features along X and Y direction. However, these features are so weak that they only insignificantly contribute to the total FT-QPI pattern, which contains the sum of both, contributions from trivial surface-projected states and Fermi arcs [cf. Fig. 2 (b) and (c)]. Therefore, we conclude that inter-arc scattering-although possible in principle-is so low in intensity that it can be neglected in comparison with other scattering channels.
After excluding inter-arc scattering we want to discuss in the following whether intra-arc scattering significantly contributes to QPI. Such intra-arc scattering is the origin of the intense red-colored region in the center of the hatched box in Fig. 3(b) and has been discussed in detail in Ref. 21 . Fig. 4(a) shows a high-resolution FT-QPI map in the central region around Γ where the background usually hampers detection of specific scattering vectors.
Our data reveal the existence of another three, extremely short, well-defined scattering vec- Our raw data are in obvious disagreement with this interpretation. Instead, as pointed out in Fig. 4(b) -(g), all three experimentally observed scattering vectors can consistently be explained by trivial inter-band scattering events. q 6 and q 7 involve the large bowtie-like contour centered at Y as well as the smaller contour inside. With this respect, it is worth noticing that the existence of large parallel segments in the constant-energy contour gives rise to multiple equivalent vectors, which are not strictly forbidden by time-reversal symmetry since their spin polarization exhibits a non-vanishing projection, as indicated by the black arrows in Fig. 4(b) . Although each one has a very low probability, their sum results in a considerable intensity as revealed by our theoretical data and confirmed experimentally. This is further corroborated by an energy-dependent analysis which directly linked the opening of these additional scattering channels to the extension parallel segments in the constant energy contour.
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Our results show that scattering patterns on TaAs can consistently be explained by trivial states. Although our method reveals previously undetected fine details close to the center of the Brillouin zone, no scattering events involving Fermi arcs were found. These findings have important consequences for transport. This finding implies that the coherence of trivial states in Weyl semimetals is strongly limited by several scattering events. We expect that this results in an increased resistivity for trivial as compared to topologically non-trivial states which appear not to be susceptible to localization. In spite of the complex multi-band structure of Weyl monopnictides, this fundamentally different behavior may allow for the unequivocal detection of topological signatures in transport measurements. Namely, it has been predicted that in Weyl semimetals exposed to strong external magnetic fields the electrons are forced on closed magnetic orbits that consist of both bulk chiral states and surface Fermi arcs. 33 Whereas bulk scattering is explicitly considered in theoretical predictions, 33 surface scattering has been neglected so far. Especially in thin films surface scattering may play a significant role and might be the origin of the subtle differences between experimentally observed and theoretically expected quantum oscillation experiments for Cd 3 As 2 .
34
Additionally, the existence of strong nesting suggests that highly anisotropic indirect inter- 
